Formaldehyde, glutaraldehyde, or dimethylolurea were sprayed on alfalfa wilted to approximately 35 and 62% dry matter at rates of 1, 3, and 4 g of formaldehyde; 1.7, 5.0, and 6.7 g of glutaraldehyde; and 2.5, 5.0 and 10 g of dimethylolurea/100 g of crude protein.
INTRODUCTION
Aldehydes react with protein to form stable crosslinks between protein chains (10) , and formaldehyde (F) has been used extensively in Received November 6, 1985 . 1 Portions of this data were originally presented at the 1983 Annual Meeting of the American Society of Animal Science, Pullman, WA.
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ZLouisiana State University, Department of Animal Science, Baton Rouge, LA 70803. the treatment of feed proteins to make then less degradable in the rumen (9) . Treatment of herbage with F resulted in increased flow of nonammonia N to the small intestine (25) . However, the effect on N retention has been inconsistent, as Kaiser et al. (16) reported a decrease in N retention and later (17) an improvement in N retention in growing calves. The inability to control precisely the degree of rumen protection and subsequent availability in the small intestine has led to the evaluation of alternate chemical treatments. Mangan et al. (22) reported that glutaraldehyde (G) was as effective as F in protecting alfalfa leaf protein from rumen degradation. Similarly, in the studies of Siddons et al. (25) , protein degradation in the rumen was reduced with G addition to alfalfa prior to ensiling. Moreover, there was a greater net increase of nonammonia absorption in the small intestine. Dimethylolurea was tested in vitro by Friedman et al. (11) who showed treating casein and other proteins with dimethylolurea caused a decrease in N degradation in the rumen.
Chemical treatment of herbage with additives may affect silage fermentation, stability of the ensiled crop, and alter the digestibility of nutrients other than protein. For example, Siddons et al. (25) reported that organic matter digestibility in the rumen and entire gastrointestinal tract was decreased by feeding alfalfa silage treated with aldehyde. Similarly, Kaiser et al. (16) observed a decrease in cellulose digestibility and Mangan et al. (22) reported that F treatment of alfalfa leaf protein resulted in a temporary decrease in protozoal motility.
This study evaluated the effects of F, G, and dimethylolurea (D) on silage fermentation and protein degradation in the silo and in the rumen when applied before ensiling to alfalfa of varying dry matter. In addition, the effect of these chemicals on rumen in vitro fiber digestion is reported.
MATERIALS AND METHODS
Fourth cutting alfalfa (Reliance) harvested in the late vegetative stage from a single plot was allowed to wilt to approximately 35 and 62% dry matter (DM) and then chopped to .95-cm theoretical length. Formaldehyde and G were diluted in distilled water and sprayed into the alfalfa at a rate of 1 1/50 kg of herbage to yield the following treatments; 1.0(F-I), 3.0(F-2), 4.0(F-3) g of F/100 g crude protein (CP) and 1.7(G-I), 5.0(G-2), 6.7(G-3) g of G/100 g CP. Similarly, dimethylolurea (D) was added as a slurry in distilled water and sprayed onto herbage to yield 2.5(D-1), 5.0(D-2), and 10.0(D-3) g of D/100 g CP. The D-2 treatment was similar to the application used by Williams and Cockburn (30) . Low, medium, and high amounts of G and F were calculated to supply equal amounts of the two aldehydes. These are similar to those used in other studies (10, 13, 18, 21) . Solutions were sprayed onto the alfalfa while it was mixed in a portable feed cart for a minimum of 10 min. Three to 4 kg of treated alfalfa were packed in double-lined plastic bags. Two bags per treatment were immediately evacuated, sealed, and allowed to ensile. Control bags with untreated material were also prepared for each DM. All bags were placed in 55-gal (208-L) plastic containers, which were purged with carbon dioxide, sealed, and allowed to incubate at 35°C for 21 d.
After fermentation, 15 g of ensiled alfalfa was diluted with 100 ml of distilled water, allowed to stand for 15 min, and pH was recorded. A liquid extract was prepared by filtering the silage water mix through Whatman 54 filter paper followed by centrifugation at 15,000 × g for 15 rain. Portions of the liquid extract were analyzed for soluble N by macroKjeldahl (2), lactic acid (3), water-soluble carbohydrates [WSC (8) ], and free NH 3 N and amino acid N (5). In the latter two analyses, random samples of treated silages were spiked with standards. Recoveries of added standards indicated that additives did not interfere with analyses. Silage DM was determined by toluene extraction (7) . Total silage N was determined by macro-Kjeldahl (2) .
Representative samples of all silages were air dried and ground through a 2-mm screen. This material was used in the determination of N and fiber degradation. Samples (.5 g) were weighed into dacron bags. Bags were tied with silk thread and tied near the end of a 70-cm nylon cord anchored by a 70-g stainless steel weight. Bags were incubated approximately 2 hr after the morning feeding for 4, 8, 12 , and 24 h in the rumen of a lactating cow fed twice daily a corn silage, alfalfa hay, corn, and soybean meal diet. Data from two incubations (three replicates per treatment per time point) were used for analysis. Initial N solubility was determined by incubating duplicate dacron bags in McDougall's buffer (23) for 1 h. Ruminal N degradation was calculated as A(.95) + (1-A)(Kd/Kd + Kr) where A equals the soluble N fraction (.95 degraded), Kd is the rate of protein degradation obtained from a regression of the natural log of N remaining in dacron bags against time of incubation, and Kr is the rate of solids turnover set at .05/h. A more detailed description was given by Stern and Satter (28) .
Digestion of neutral detergent fiber (NDF) in silage by rumen microorganisms was determined by an in vitro procedure similar to that described by Goering and Van Soest (12) with modifications proposed by Craig et al. (6) . These modifications included the use of an inoculum enriched with particle-associated organisms. Duplicate samples were incubated for 2, 4, 8, 12, 24, 30, 48, and 72 h. Glass wool was used as a filtering aid during NDF determination to alleviate filtering problems normally encountered with this procedure. Data from four replicate incubations were used for statistical analysis.
Data for the two DM were analyzed separately as completely randomized designs. Analysis of variance was by the general linear model of the Statistical Analysis System (14) . Differences between means for silage characteristics were detected using the Student-NeumanKeuls (27) multiple comparison test. For NDF digestion, analysis of variance was performed for each hour of incubation, and when a significant F test was detected, treatment mean separations were determined by least squares means. (Table 2 ). Control silage pH was 5.21, which was less (P<.05) than for all other treatments. Treated silages had final pH greater than 5.7 and contained surface mold. Addition of medium and high amounts of D resulted in final pH above 6.0. Residual WSC was not different among silages. Lactic acid content for control silage with high DM was greatly reduced when compared with low DM control silage. However, it was still greater (P<.05) than lactic acid content in high DM silage treated with F, G, or D. Content of N for high DM silage was less than that in low DM silage and tended to increase with addition of D. Other N components followed trends similar to those reported for low DM silage. Although aerobic stability of the silages was not tested, observation of surface mold on the 62 DM silages but not 35 DM silages would indicate that the former would be less stable upon exposure to oxygen.
Rumen degradable N (RDN) estimated by in situ procedures is in Figure 1 . For control 35 DM and 62 DM silages, RDN was 79 and 66% respectively. The RDN decreased for silages treated with F and G at both DM as the amount of additive increased. For the 35 DM silage, no effect on RDN was noted as D increased from D-1 to D-2 but D-3 resulted in a large reduction in RDN.
Digestion of NDF was determined only for control silages and those treated with the highest amount of each additive (Table 3) . At 24 and 72 h of incubation, NDF digestion was less (P<.05) for low DM alfalfa treated with G (G-3) when compared with all other treatments. By 48 h, both F and D silages had higher (P<.05) NDF digestibilities than control and silages treated with G. After 72 h, control, D, and F silages all had higher (P<.05) digestibilities than G. A similar trend was observed for treated high DM silages at the early times. However, after 72 h, NDF digestion was 53.9, 48.6, 46.1, and 40.3% for F, D, control, and G, respectively.
DISCUSSION
Previous reports have documented the greater WSC in silage treated with F prior to ensiling (13, 14, 25) . This sparing effect is primarily due to a reduction in fermentation and large amounts of residual WSC may furnish substrates for spoilage during aerobic exposure to yeasts and molds. Woolford (31) reported that in an in vitro test, G was ineffective in inhibiting growth of yeasts and molds. When tested against various silage microflora, G was also nonspecific in antimicrobial properites (31) . In agreement with these findings and those of Siddons et al. (25) , we found that F was better than G in preventing a decrease in WSC. Greater amounts of WSC in high vs. low DM silage is due primarily to restricted fermentation resulting from a lack of moisture (20 complete inhibition of fermentation, which is similar to findings of Waldo and Glenn (29) . Lower N in high vs. low DM silage was previously reported by Kung et al. (20) , who suggested increased leaf losses during field harvesting from the former.
Application of F to silages decreases proteolysis during fermentation and inhibits clostridial deamination (4, 25, 26) . Siddons et al. (26) treated ryegrass with 3.5 g of F/100 g CP and reported reduced protein breakdown in the silo and degradability in the rumen. Free amino acid N and NHa N were used to assess protein degradation in our study, Contrary to the findings of Siddons et al. (26), we found that F was more effective than G in reducing N degradation in the silo. Free amino acids were 50% lower on high than on low DM silage. Correspondingly, Merchen and Satter (24) reported greater NAN flow to the small intestine of cows when fed 66% DM alfalfa silage compared with 29% DM silage. Our results show that under laboratory conditions, addition of medium or high amounts of E to low DM silage resulted in free amino acid N content similar to or lower than in untreated high DM controls. Similarly, NH3 N content decreased as the amount of additives increased except for D-treated silages.
Mangan et al. (22) reported that the reaction of F and G with plant proteins was proportional to the aldehyde concentration. In addition, Mangan and West (21) reported that in isolated chloroplasts, the protein ribulose 1,5 diphosphate carboxylase was rapidly fi,:ed by G and to a lesser extent by F. However, there were no adverse effects on subsequent digestibility by trypsin or pancreatin. The reduction in protein degradation by rumen microorganisms is due to formation of methylol compounds followed by formation of intermolecular and intramolecular methylene crosslinks between protein chains (10) . Apparent RDN, as estimated from in situ procedures, tended to decrease with the medium and high applications of F and G whereas the effect of D was less consistent. Estimated protein degradation decreased from 79% for low DM control silage to 56 and 53% for silages 1 Each value is a mean of four fermentations. G = Glutaraldehyde 6.7 g/lO0 g CP, D = dimethylolurea 10 g/lO0 g CP, F = formaldehyde 4 g/lO0 g CP. treated with 4.0 and 6.7 g of F and G per 100 g CP, respectively. This inhibition is much greater than that reported by Siddons et al. (26) when they added formic acid and F to ryegrass and red clover silages. Using in vitro procedures these workers showed marked differences in protein degradation with formic acid and F treatment, but these differences were less apparent using an in situ dacron bag procedure.
Dimethylolurea is the result of F reaction with urea and has been used to increase crosslinking of proteins in natural silk (1). Williams and Cockburn (31) measured a greater proportion of casein escaping rumen degradation when casein was treated with D (5 g/100 g protein). Similarly, Friedman et al. (11) treated 300 g of casein with 30 g of D, and in vitro tests estimated an increase in ruminal escape of casein from 7.5 to 39% due to treatment. These researchers also postulated a modification of tyrosine residues by D to form crosslinked proteins via an acid and base catalyzed reaction. However, tyrosine modification was lowest at pH 5, probably because ionization of the phenolic groups of tyrosine is minimal at pH 5 to 8. This may partly explain the small and inconsistent effect of D on reducing protein degradation in our silages.
Various hypotheses have been set forth to explain an overall reduction in digestibility in aldehyde-treated herbage other than a simple reduction in susceptibility to microbial attack. Mangan et al. (22) reported that depletion of S amino acids could occur with aldehyde-treated proteins. In addition, Kaiser etaI. (17) suggested that inhibition of fiber digestion could occur due to reduced rumen NH3 N, toxic effects of F on rumen microorganisms, or a reaction between F and phenolic acid linkages between cell wall carbohydrates, which would prevent cell breakdown during digestion. Jung and Fahey (15) reported greater amounts of lignin in legumes than grasses, although fescue had more ferulic and p-coumaric than alfalfa. They suggested that grasses contain more phenolics associated with the carbohydarates of cell walls than legumes. In addition, they hypothesized that phenolics may not be important to hemicellulose and cellulose digestion in legumes but could cause a decrease in digestion of these components in grasses. In this context, binding of F to phenolics in grasses may result in an Foramldehyde = 4.0 g/lO0 g CP; glutaraldehyde = 6.7 g/lO0 g CP; dimethylolurea = 10 g/lO0 g CP.
even greater reduction in fiber digestion due to increased chemical bonding. This may explain why F additions have decreased cellulose digestion in ryegrass (19, 25) but not in red clover (16, 18) . Similarly, in our study, F or D did not decrease the extent of fiber digestion when compared with control. In fact, after 72 h of incubation, NDF digestion in 62 DM silage treated with F (53.9%)or D (48.6%) was greater than untreated silage (46.1%). However, G treatment significantly reduced NDF digestion in treated legume silage. Inadequate amounts of rumen S or NH 3 N cannot be related to this finding because our in vitro system contained added S and NH 3 N. Glutaraldehyde toxicity to tureen microorganisms cannot be ruled out as Woolford (31) reported that G was not specific in its antimicrobial properties. The NDF content of silages used in the in vitro digestion test are presented in Table 4 . Treated silages tended to have more NDF than untreated silages. Silages treated with G had about 19 to 20% more NDF than their respective control silages. Because F and G reduce protein solubility, it is possible that more protein may have been included in our NDF residue. This may partially account for the observed tendency of greater NDF digestion after 72 h for treated vs. control silages. Addition of F, G, and to a lesser extent, D, to alfalfa herbage reduced fermentation in laboratory silos. Formaldehyde additions resulted in reduced protein degradation in the silo and rumen and caused no detrimental effects on fiber digestion. Glutaraldehyde was as effective as F in protecting herbage protein from degradation in the silo and tureen but caused a significant reduction in fiber degradation. Dimethylolurea was the least effective of the three chemicals tested for sparing protein from breakdown and did not reduce fiber digestion.
